In this study, natural vegetation development was compared on one abandoned open coal mine spoil and three reclaimed coal mine areas with umbrella pine-Pinus pinea L., maritime pine-Pinus pinaster Ait. and leguminous black locust-Robinia pseudoacacia L. in Agacli-Istanbul. Soil data of these sample areas were determined in previous studies. These properties demonstrate physically and nutritionally poor conditions and some rehabilitative effects after tree species were introduced. The plant species composition and total coverage for each species (vertical projection onto the ground) was estimated visually and recorded on each sample plot. Naturally revegetated plant species, species composition, Shannon-Wiener diversity index values, species richness, evenness, total abundance and their coverabundance scales were evaluated by comparing each other. Generally, the best-represented species belong to Rosaceae in all investigated plots. Shannon diversity index and its components give the different results among sample plots. However, higher values were found on reclaimed sites. Highest Shannon diversity index (H') was found on the sample area reclaimed with maritime pine. Plant species richness (S) was highest under umbrella pine and plant species evenness (J') was highest on black locust sample plot. Despite the sample area reclaimed, black locust has the more fertile soil conditions, it has only the highest plant species evenness (J') value among areas.
INTRODUCTION
Mined areas exhibit completely modified ecological system. Large spoil piles and pits are main features of a mining land (Martinez Orozco et al., 1993) . In particular, open cast, that is, surface mining activities result in a drastic disturbance mining areas become an important man-made components of landscape (Toomik and Liblik, 1998; Hüttl and Bradshaw, 2000) . Because of low organic matter contents and other unfavorable physico-chemical characteristics, mine spoils possess very rigorous conditions for plant growth (Banerjee et al., 2004; Singh and Singh, 2006 Plant succession following the exogenous disturbance associated with surface mining is a subject of both practical and ecological interest (Grant and Loneragan, 2001) . Natural plant invasion and succession are important parts of vegetation development as well as nutrient enrichment at this type of disturbed sites (Banerjee et al., 2004) . In order to rebuild the resilience of a disturbed ecosystem, it is critical to restore as many aspects of natural vegetation as possible. To do this, the natural vegetation in the site and how it succeeds need to be known (Desmet and Cowling, 1999; Blingnaut and Milton, 2005) . During plant establishment at different successional stages, colonization of different plant species plays the primary roles in the process of soil formation. Then, once the vegetation is established, the improved soil condition in turn promotes plant succession. The degree of ecosystem development can be assessed by the level of vegetation recovery and nutrient status of the spoils (Banerjee et al., 2004) .
A successful restoration program attempts to accelerate the natural recovery processes to restore the soil fertility and to enhance the biological diversity (Hodačová and Prach, 2003; Singh and Singh, 2006) . The establishment of a stable plant cover is considered a suitable option to get long term reclamation (Whiting et al., 2004; Simon, 2005; Conesa et al., 2007a) . The natural colonization of mine sites is slow since the physico-chemical characteristics (low pHs, high metal concentration, low water retention capacity, compacted material hindering root elongation, etc.) of these sites are not suitable for most of the plant species (Conesa et al., 2007a, b) . Since the exposed surface has lack of seedbank, mined sites needs to be colonized by adjacent species. Reports on the vegetation of spoils emphasize the slow rate of colonization which may be due to either the unfavorable substrate or the lack of suitable pioneer plants, because they have been exterminated to a large extent by man (Jochimsen, 2001) . Nevertheless, some tolerant plant species can spread easily in these environments. In this sense, it is useful to search plants that have spontaneously colonized mining sites and therefore, are completely adapted to these polluted environments (Conesa et al., 2007a) .
Traditionally, vegetation indicators such as plant species composition and growth rates are monitored on mine sites. These simple vegetation measures meet the criteria for indicators that they are easy to measure and they respond in sensitive, robust and predictable ways over time to stresses and management actions (Dale and Beyeler, 2001; Ludwig et al., 2003) . Species richness is only one of various criteria evaluating restoration success but is, nevertheless, a very important one from an ecological point of view (Perrow and Davy, 2002; Hodačová and Prach, 2003) . Comparative plant succession studies on derelict sites are providing significant insights into vegetation dynamics to ensure the success of future revegetation projects in these areas (Martínez-Ruiz and Fernández-Santos, 2005) .
In this present investigation, natural vegetation development on one abandoned open coal mine spoil and three reclaimed mine areas with umbrella pine-Pinus pinea L., maritime pine-Pinus pinaster Ait. and legumenous plant black locust-Robinia pseudoacacia L. in Agacli-Istanbul were compared. The objective of the study was to evaluate resulting vegetation, especially species richness on spoils which have different soil and forest floor proper-ties. The plant composition, Shannon-Wiener diversity index, species richness, evenness, total abundance and their cover-abundances were compared among the sites.
MATERIALS AND METHODS
The study was conducted on reclaimed mine spoils near brown coal Makineci et al. 3249 mining district 30 km away Bahcekoy-Istanbul on Catalca Peninsula (Turkey). Mean annual precipitation is 1049 mm and mean annual temperature is 14.0°C. The hottest month is July (23°C) and the coldest is January (4°C). According to Thornthwaite classification system, the study area is considered as humid, mesothermal, oceanic with a moderate soil-water deficit in summer. The study areas are located between 200 to 230 m with an average of 15% slope. The study area consists of randomly selected four sites, one naturally revegetated and three reclaimed planting different tree species in each one with leguminous black locust (R. pceudoacacia L.), umbrella pine (P. pinea L.) and maritime pine (P. pinaster Aiton.) plantations established in 1988 on coal mine spoils without conducting any amelioration practice (Keskin and Makineci, 2009; Sever and Makineci, 2009) . And sample plots reclaimed with different tree species were not subjected to any silvicultural treatments such as thinning, pruning or tending, etc. prior to this study. The parent substrate for soil development was loamy and loamy-clay overburden material and detailed data on soil and forest floor properties of reclaimed with maritime pine, umbrella pine and black locust were presented in former studies (Keskin and Makineci, 2009; Sever and Makineci, 2009) . In previous studies in the same research area demonstrated that reclamation with different tree species has given the rehabilitative effects on coal mine soil/spoil (Keskin and Makineci, 2009; Sever and Makineci, 2009 ). According to the results of the current studies, seventeen years after forestation, maritime pine and umbrella pine have created a larger forest floor. The fast formation of the fermentation layers of forest floor (Table 1) and the significant accumulation of organic carbon and total nitrogen in the upper layers of the soil profile were observed during the development of a maritime pine and umbrella pine plantation on reclaimed spoil ( Table 2 ). The fast formation of the litter and fermentation layers of forest floor and the significant accumulation of N in the soil/spoil profile were observed during the development of leguminous black locust plantation on mine spoil (Keskin and Makineci, 2009) . Clearly, all tree species have favorable impacts on initial soil formation. Generally, the umbrella pine and maritime pine generates more forest floor layer. By contrast, black locust litter incorporates into the soil more rapidly. Broad-leaved leguminous black locust may be more beneficial than the umbrella pine and maritime pine because it encourages less acidification and fixes nitrogen (Keskin and Makineci, 2009; Sever and Makineci, 2009 ). On the other hand, even the open area has no organic layers (forest floor) it has generally not showed significant differences in regarding as soil carbon, total nitrogen and soil pH compared with the sites of maritime pine and umbrella pine (Table 2 ). This can be interpreted that, possible natural plant succession on open area has also give rehabilitative effects as much as maritime pine and umbrella pine plantations. Likely, more adapted or resistance plant mass exist on open area.
One sampling plot for each sampling site was selected. Each sample plots' size was 400 m 2 . In each sample plot, this study observed and evaluated species composition and cover abundance scales of all naturally revegetated plant species directly within the whole sampling plot. Easily identified plant species reported on the field, undetermined ones clipped and brought to the laboratory to determine by comparing the samples in Istanbul University Faculty of Forestry Herbarium and guide books. The general site characteristics of plant species were reported as described by Davis (1965 Davis ( to 1985 . The plant species composition on the sample areas was characterized by classical phytosociological plots according to Braun-Blanquet cover-abundance values (Braun-Blanquet, 1964) which means that, total coverage for each species (vertical projection onto the ground) was estimated visually and recorded within seven cover classes: r: 1 or 5 individuals; +: few individuals (<20) with cover <5%; 1: many individuals (20 to 100) with cover <5%; 2: 5 to 25% cover; 3: 25 to 50% cover; 4: 50 to 75% cover; 5: 75 to 100% cover (Braun-Blanquet, 1964; Godefroid and Koedam, Values are mean. Significance levels are NS non significant; *0.05-0.01;**0.01-0.001 and ***0.001>; values within columns followed by the same superscript letter are not statistically different at 0.05 significance level; MP = maritime pine (n = 14); L= black locust (n = 7); UP = umbrella pine (n = 5) and OA = open area (n = 2). (Keskin and Makineci, 2009; Sever and Makineci, 2009) 2004). Prior to analysis of Shannon index (Shannon and Weaver, 1949) and its components (richness and evenness), BraunBlanquet scores were transformed to relative cover (r: 0.01; +: 0.02; 1: 0.04; 2: 0.15; 3: 0.375; 4: 0.625; 5: 0.875) (Fontaine et al., 2007) .
RESULTS AND DISCUSSION
Possibly, depending on different soil and forest floor properties on reclaimed sites and open-naturally revegetated area, different results on natural vegetation succession properties were obtained as given further: The sample area reclaimed with maritime pine (P. pinaster Ait); the canopy cover of tree layer has been estimated 60% with an average tree height of 9 m; shrub layer cover has been estimated 15% with an average height of 2.5 m; herb layer cover has been estimated 40% with an average height of 0.4 m. Forty-one plant species belonging to 19 plant families were determined (Table 3) . Most of the plants found in the sample area belong to Rosaceae and Asteraceae plant family. Rubus sanctus and Rosa canina have the highest cover abundance scales in the area, on the other hand, the lower cover abundance scales have been determined on Arbutus unedo, Cornus sanguinea, Rhagadiolus stellatus, Prunus spinosa, Spiranthes spiralis, Phillyrea latifolia, Carpinus betulus, Inula vulgaris, Ulmus minor subsp. minor, Mespilus germanica and Rubia peregrina species (Table 3) .
The sample area reclaimed with umbrella pine (P. pinea L.); the canopy cover of tree layer has been estimated 80% with an average tree height of 7 m. Shrub layer cover has been estimated 10% with an average height of 3.5 m. Herb layer cover has been estimated 10% with an average height of 0.5 m. 21 plant species belonging to 15 plant family were determined (Table 4) . Rosaceae was the most common plant family in this sample area. Phillyrea latifolia has the highest cover abundance scale; on the other hand, the lower cover abundance scales have been determined on Prunus. divaricata subsp. divaricata, Carpinus betulus, Mespilus germanica, Arbutus unedo, Rosa gallica, Pyracantha coccinea, and Smilax excelsa species (Table 4) .
The sample area reclaimed with leguminous black locust (R. pseudoacacia L.); the canopy cover of tree layer has been estimated 70% with an average tree height of 9 m. Shrub layer cover has been estimated 50% with an average height of 2 m. Herb layer cover has been estimated 90% with an average height of 0.5 m. 23 plant species belonging to 11 plant family were determined (Table 5) . Primary common plant family was Rosaceae and the secondary were Asteraceae and Poaceae. Rubus sanctus, Robinia pseudoacacia and Rosa canina have the highest cover abundance scales in the area, on the other hand, the lower cover abundance scales has been determined on Epilobium tetragonum subsp. tetragonum species (Table 5 ). The naturally revegetated area which abandoned after the open coal mining; no tree layer and shrub layer cover has been estimated 5% with an average height of 3.5 m. Herb layer cover has been estimated 90% with an average height of 0.5 m. The lowest number of plant species has been determined in this sample area. 19 plant species belonging to 9 plant families were determined (Table 6 ). Primary common plant family was Rosaceae and the secondary were Asteraceae and Fabaceae. Trifolium arvense var. arvense, Trifolium angustifolium var. angustifolium and Rumex acetosella have the high-est cover abundance scales in the area. On the other hand, the lower cover abundance scales have been determined on Prunus spinosa, Cirsium arvense, Pyrus elaeagnifolia subsp. elaeagnifolia, Crataegus monogyna, and Ulmus minor subsp. minor species (Table 6) .
As shown on Table 7 , highest Shannon diversity index (H') was found on the sample area reclaimed with maritime pine. Plant species richness (S) was highest under umbrella pine and plant species evenness (J') was highest on black locust sample area (Table 7) . Shannon diversity index and its components gave the different results among sample areas. However, the highest values were found on reclaimed sites. Despite the sample area reclaimed, black locust has the best soil conditions, it has only the highest plant species evenness (J') value among areas. Primary revegetation on coalmining spoils in Agacli-Istanbul, the best-represented species belongs to Rosaceae. Similarly, some similar plant species determined in this study show the resistance and survival capability on degraded soils in some research areas close to the Agacli mine spoils (Demir et al., 2008) .
Many studies have been published on either spontaneous revegetation of various spoil heaps, especially in North America and Europe or vegetation development after technical reclamation (Hodačová and Prach, 2003) . In addition, some authors have recently studied the naturally occurring vegetation that grows on and around mining zones (Melendo et al., 2002; Álvarez-Rogel et al., 2004; Conesa et al., 2007b) . However, this study are not aware of many studies in which spontaneously revegetated spoil heaps were directly compared in a quantitative way with those artificially afforested or reclaimed by technical methods (Hodačová and Prach, 2003) . Investigations into primary and secondary succession on new anthropogenic 'soils' are revealing significant facets of vegetation dynamics over a large range of environmental conditions (Jochimsen, 2001; Martínez Ruiz et al., 2001; Parrotta and Knowles, 2001; Martínez-Ruiz and Fernández-Santos, 2005) . Chambers et al. (1987) interpreted that, available nitrogen in soil fluctuates and is often the most limiting nutrient in mine spoils. They also found that larger pools of organic matter and total nitrogen existed on their reference sites than on naturally revegetated sites. Relatively naturally revegetated sites have high levels of P, K, Ca also fluctuation in NH 4 + and NO 3 -exhibited smaller in mine spoils (Chambers et al., 1987) . In addition, increases in soil nutrients suggest that nutrient retention and the establishment of substantial soil flora is occurring, providing evidence for the sustainability of the soils (Lubke et al., 1996) . Spontaneous plant communities that colonize mine tailings in Southern Spain showed different behavior depending on the pH: neutral tailing the plant communities were formed by less number of plant species than in acid tailings (Conesa et al., 2007a) . However, substrate pH affects plant growth mainly through its effect on the solubility of chemicals, including toxic metals and nutrients on reclaimed mine sites (Pratas et al., 2005) . Conesa et al. (2006) reported pH and electrical conductivity as the main factors that determine the establishment of tolerant plant species in mine tailings.
In this study, significantly higher soil nitrogen and pH values were observed under black locust area. However, suitable soil conditions for plant regeneration are determined under black locust, richness of naturally revegetated plant species was highest under the site reclaimed with maritime pine. Black locust area has only the highest species evenness value. Possibly, the other undetermined factors such as water retention, micro climatic conditions, micro relief changes caused by mining in the landscape, seed banks, adaptation capability of species, etc. can be effective on species richness.
In semi-arid mining zones, the establishment of vegetation also requires plant species adapted to drought (Conesa et al., 2007b) . Succession on depositional soils has characteristics of both primary and secondary succession, depending on the fertility of the substrate and the availability of propagules. In any case, the pattern and duration of succession depends not only on climate, physical and chemical properties of the substrate, plant residues or seed stock, but also on the proximity of plant diaspores (Martínez Ruiz et al., 2001; Martínez-Ruiz and Fernández-Santos, 2005) . The results of Hodačová and Prach (2003) indicates that, spontaneous succession should be considered as a reasonable alternative to technical reclamation of spoil heaps in the area, providing more diverse vegetation cover than technical reclamation. They observed that in the studied spoil heaps, a dense herb layer protected slopes better against erosion than dense tree stands with a low herb cover (Hodačová and Prach, 2003) .
However, taxonomic (richness) and structural (patchiness and vertical distribution) diversity are both important considerations for reclamation and can be used to monitor the success of rehabilitation as habitat (Smyth and Dearden, 1998) . Pratas et al. (2005) described that, some plant species can be used for the purpose of mine restoration and minimization of mining impacts. The plant communities that can be found in mine tailings are frequently formed by few plant species (Conesa et al., 2007b) . On the other hand, no single vegetation parameter, for example, cover, abundance, density, biomass, provides the best index of the vegetation condition, so collection of many types of vegetation data is necessary to detect spatiotemporal changes in vegetation (Smyth and Dearden, 1998) .
To establish the plant cover on the surface-mined sites, the two most important factors influencing species selection are the soil properties and the tolerance levels of the selected plants. Plant communities that are tolerant to imposed stress conditions on mine spoils can fulfill the objectives of stabilization, pollution control, visual improvement and removal of threats to mankind. The constraints related to plant establishment and amendment of the physical and chemical properties of the toxic metalliferous soils depend upon the appropriate choice that will be able to grow in such hostile. Thus, the plant community tolerant to toxic trace elements play a major role in remediation of degraded mine soils (Pratas et al., 2005) . It is known that species-rich vegetation cover is not the only target of reclamation of such deeply altered sites. The technical reclamation (by afforestation) is certainly very important (Hodačová and Prach, 2003) .
Among all the techniques that can be used for in situ reclamation of mine wastes, revegetation is considered the most suitable to achieve long term reclamation (Tordoff et al., 2000) . Vegetation can provide effective protection against wind carried polluted particles, reducing cing runoff and the overland flow of water and sediments. Vegetation may also improve nutrient conditions in the soil and form the basis for the establishment of a selfsustaining vegetative cover (Conesa et al., 2007b) .
In conclusion, the results of the study indicated that plant species on abandoned open coal mine spoils which have no reclamation techniques, show the resistance and survival capability. These species can be selected as target species to success of coal mine restoration.
